The genomic DNAfor the alkaline protease (Alp) of the fungus Aspergillus oryzae was isolated using synthetic oligonucleotides as hydridization probes, and the complete nucleotide sequence was identified. The Alp gene is 1374 nucleotides long and contains three introns, one of which is in the pro region and two in the mature coding region. Sequences related to the TATAbox (TATAAAT) and the CAATbox (CCAAAT) were found in the 5'-noncoding region. Primer extension analysis showed that three transcriptional start points are present.
The filamentous fungus, Aspergillus oryzae, is a widely used microorganism in the industrial manufacture of soy sauce and sake. The alkaline protease (Alp) of A. oryzae1] is considered to be most important in producing the delicious taste of soy sauce by hydrolyzing raw materials. We previously reported the cloning and sequencing of the CDNAof the A. oryzae Alp.2'3) The Alp CDNAencodes a putative prepro-enzyme composed of 282 amino acids of the mature Alp and an additional N-terminal sequence of 121 amino acid residues. When the entire Alp CDNA was expressed in the yeasts Saccharomyces cerevisiae3) or Zygosaccharomyces rouxii,4) the enzymatically active Alp was secreted into the culture medium, with the same N-terminal amino acid sequence as the native Alp. However, the yield of the Alp secreted by these yeasts was not sufficiently high. oryzae have been developed. The design of an improved Alp by proteinengineering techniques and its efficient production by A. oryzae are expected to be useful in soy souce production. The cloning and structural analysis of the chromosomal Alp gene is the first step toward the development of a production system of native and mutant Alp in A. oryzae. This paper describes the isolation and structural analysis of the Alp gene.
Materials and Methods
Strains. A. oryzaeATCC 20386 was used as the DNA donor. Escherichia coli HB101 [_SupE44, hsdS20 (rB, raB), recA13, proA2, acYl, galK2, rpsL20, mtl tion using these probes against the digested genomic DNAofA. oryzae showed that probe 1 hybridized with a single 6.5-kb Bglll fragment and probe 2 hybridized with a single 3.0-kb Hindlll fragment (Fig. 1) (Fig. 2) . The plasmids carrying the 6.5-kb Bglll fragment hybridized with probe 1 and the 3.0-kb HindUl fragment hybridized with probe 2 were designated as pAP017 and pAP025, respectively (Fig.  2) . The Bglll fragment of pAP017 and the Hindlll fragment ofpAP025 shared a common 0.3-kb Bglll-Hindlll fragment.
The nucleotides of this overlapping region {Bglll-Hindlll fragment) were sequenced. It was found that these sequences coincided with each other, and were identical to that of the Bglll-Hindlll fragment of the Alp CDNA. The Bglll fragment of pAP017was upstream of the overlap region, and the Hindlll fragment of pAP025 was downstream of the overlap region. These results showed that these two overlapping fragments covered the entire Alp gene.
The nucleotide sequence of the Alp gene
We sequenced all of the nucleotides of the Alp gene. Various restriction fragments of pAP017 and pAP025 were subcloned into pUC19, and their nucleotides sequenced by the dideoxy method (Fig. 3) . Comparison with the nucleotide sequence of Alp cDNA3)showed that the sequence of the open reading frame of the Alp gene was in perfect agreement with that ofAlp CDNA, and that the Alp gene contained three introns, one of which was in the pro region and two in the mature coding region. The size of all three introns is small (between 50 and 59 base pairs) relative to the introns of higher eukaryotes. The DNAsequence in these introns starts with GTNNGT and ends with PyAG. The PuCTPuAC sequence was observed near the 3' splice sites. The sequences in the introns of the Alp gene are similar to those of the genes of other filamentous fungi.13'14)
5'-Noncoding sequences
The transcription start point(s) of the Alp gene were identified by primer extension analysis (Fig. 4) . Three possible transcription start points were found at -63bp, -66bp, and -69bp, upstream of the translation start codon (ATG) (Fig. 3) . A sequence related to the TATAbox15) (TATAAAT) at nucleotides -102 to -108, and a sequence related to the CAAT box15) (CCAAAT) at nucleotides -154 to -159 were found (Fig. 3) . A number of filamentous fungal genes have isolated, and the 5'-noncoding regions of these genes are in an equivocal situation.16~20) Few fungal genes have sequences related to the TATA box or the CAATbox. It is interesting that the Alp gene has homologyto the consensus sequences in the 5'-noncoding region of higher eukaryotes. A prominent C+T-rich region of about 30bp was found between the TATAbox and the transcription start points (Fig. 3) . A similar feature is present in A. nidulans and N. crassa genes, 1 3' 19) being particularly noticeable in highly expressed genes.
